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Description

[0001] The presentinvention relates to an information
signal processing technique and, more specifically, to a
data sampling method and device for converting an an-
alog input signal to a digital output signal by using an A/
D (analog-to-digital) sampling frequency.

[0002] Inrecent years, the technology relating to mo-
bile communication terminals has made great progress.
As a result, mobile communication terminals having var-
ious communication functions such as a function of
communicating various data including audio data, fac-
simile data, and personal computer (PC) data have
been developed. To implement such communication
functions, it is indispensable to incorporate, in a mobile
communication terminal, an A/D conversion function for
converting an analog signal to a digital signal. The A/D
conversion is realized in such a manner that a digital
signal is generated by sampling an analog signal ac-
cording to an A/D sampling frequency. Techniques re-
lating to this type of sampling are disclosed in Japanese
Patent Application Laid-Open Nos. 6-313764, 9-83588,
9-135149, 9-321632, 8-4591, etc.

[0003] One problem that arises in incorporating vari-
ous communication functions as described above in mo-
bile communication terminals is that various data to be
handled have different frequencies. As is well known, in
mobile communication terminals, output signals should
have the same frequenoy even if input signals have dif-
ferent frequencies. However, in the A/D conversion
method in which a digital signal is generated by merely
sampling an analog signal according to a sampling fre-
quency, output signals have different frequencies when
input signals have different frequencies. Although vari-
ous A/D conversion techniques have been proposed to
solve this problem, all of them are complex in configu-
ration and hence are difficult to implement.

[0004] An object of the invention is therefore to pro-
vide a data sampling method and device which make it
possible, with a simple configuration, to give a pre-
scribed frequency to output signals even if input signals
have different frequencies.

[0005] Another object of the invention is to provide a
data sampling method and device which make it possi-
ble to perform delay adjustments on a data string digit-
ally.

[0006] According to the present invention, a data
sampling method for an A/D (analog-to-digital) conver-
sion from an analog input signal to a digital output signal,
includes the steps of: a) converting the analog input sig-
nal to digital data by sampling the analog input signal at
a sampling frequency fs that is N times an A/D sampling
frequency that is necessary for the A/D conversion,
where N is an integer; b) decimating the digital data at
a ratio of 1/N to produce N decimated data strings; and
c¢) producing the digital output signal based on the N
decimated data strings.

[0007] The sampling frequency fs may be adjusted
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based on the N decimated data strings. Preferably, a
decimated data string is selected from the N decimated
data strings by comparing data error rates thereof. The
sampling frequency fs is adjusted depending on a devi-
ation of a selected decimated data string from a prede-
termined data string of the N decimated data strings.
[0008] The step b) may comprise the steps of b-1)
generating N clock signals which have 1/N the sampling
frequency fs and are delayed in order by 1/fs; and b-2)
distributing the digital data using the N clock signals to
produce the N decimated data strings.

[0009] A frequency of each of the N decimated data
strings may be set to a baseband frequency so as to
demodulating the analog input signal.

[0010] According to another aspect of the present in-
vention. a data sampling method includes the steps of:
a) converting the analog input signal to digital data by
sampling the analog input signal at a sampling frequen-
cy fs that is N times an A/D sampling frequency that is
necessary for the A/D conversion, where N is an integer
and is determined depending on a frequency of the an-
alog input signal; b) generating N clock signals which
have 1/N the sampling frequency fs and are delayed in
order by 1/fs; c) decimating the digital data using two
clock signals selected from the N clock signals to pro-
duce two decimated data strings, wherein a frequency
of each of the N decimated data strings is set to a base-
band frequency and one of the two clock signals is de-
layed from the other by n/2; and d) combining the two
decimated data strings 5 to produce the digital output
signal as a quadrature-demodulated signal.

[0011] Preferred features of the present invention will
now be described, by way of example only, with refer-
ence to the accompanying drawings, in which:-

FIG. 1A is a frequency diagram showing a first ex-
ample in which an analog input signal having a fre-
quency flF is sampled at a sampling frequency fs
that satisfies the Nyquist condition;

FIG. 1B is a frequency diagram showing a second
example in which the analog input signal is sampled
at a sampling frequency fs and a decimated data
string is generated by decimating resulting digital
data at a decimation ratio of 1/4;

FIG. 1C is a frequency diagram showing a third ex-
ample in which the analog input signal is sampled
at a sampling frequency fs and a decimated data
string is generated by decimating resulting digital
data at a decimation ratio of 1/8 ;

FIG. 1D is a frequency diagram showing a fourth
example in which the analog input signal is sampled
at a sampling frequency fs and a decimated data
string is generated by decimating resulting digital
data at a decimation ratio of 1/16;
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FIG. 2 is a block diagram showing the configuration
of a sampling device according to an embodiment
of the invention;

FIG. 3A is a block diagram showing an example of
a distribution section of the sampling device of FIG.
2

FIG. 3B is a block diagram showing an example of
a distribution clock generator for use in the distribu-
tion section of FIG. 3A;

FIG. 3C is a time chart showing generation timing
of distribution clock signals CLK1-CLK4 which are
generated by the distribution clock generator of
FIG. 3B;

FIG. 4 is a timing chart showing a data distribution
operation performed by the distribution section of
FIG. 3A;

FIG. 5 is a time chart for explanation of quadrature
demodulation using the data distribution operation
performed in the sampling device of FIG. 2; and

FIG. 6 is a table illustrating a judgment and an os-
cillator control that are performed by a signal proc-
essor of the sampling device of FIG. 2.

[0012] Before making a specific description, the prin-
ciple of the present invention will be described with ref-
erence to FIGS. 1A-1D.

[0013] Referring to FIG. 1A, an analog input signal is
sampled by using a sampling clock signal whose fre-
quency is two or more times the frequency fIF of the an-
alog input signal. In this case, the frequency of digital
data obtained by the sampling is the same as the input
signal frequency flF.

[0014] Referring to FIG. 1B, the analog input signal
having the frequency fIF is sampled at a sampling fre-
quency fs and a decimated data string is generated by
decimating resulting digital data at a decimation ratio of
1/4. In this case, there occurs the same undersampling
effect as would occur when sampling is made at a sam-
pling frequency fs1 (fs1 = fs/4) that is lower than the
Nyquist frequency. Therefore, the decimated data string
has a frequency fIF1 that is lower than the input signal
frequency fIF.

[0015] Referring to FIG. 1C, the analog input signal
having the frequency fIF is sampled at a sampling fre-
quency fs and resulting digital data is decimated at a
decimation ratio of 1/8. In this case, there occurs the
same undersampling effect as would occur when sam-
pling is made at a sampling frequency fs2 (fs2 = fs/8)
that is lower than the Nyquist frequency. Therefore, the
decimated data string has an even lower frequency fIF2.
[0016] Itis seenfrom FIGS. 1B and 1C that even with
the same sampling frequency fs the frequency of an out-
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put digital signal, that is, a decimated data string, de-
pends on the decimation ratio. This suggests that, con-
versely, for input signals having different frequencies the
frequencies of generated data strings can be equalized
by changing the decimation ratio.

[0017] Referring to FIG. 1D, the analog input signal
having the frequency fIF is sampled at a sampling fre-
quency fs and resulting digital data is decimated at a
decimation ratio of 1/16. In this case, an apparent sam-
pling frequency fs3 is as follows:

fs3 = fs/16.

Now, the following condition is set for the input signal
frequency fIF, where m is an integer.

fIF=m X fs3

[0018] In the example of FIG. 1D, m is equal to 6 and
the frequency fIF3 of an output digital signal is 0, that is,
the output digital signal is a baseband signal.

[0019] The above discussion is summarized as fol-
lows. The sampling frequency fs satisfies the Nyquist
condition and hence is higher than two times the fre-
quency fIF of an analog input signal. Even when under-
sampling has already been performed at a sampling fre-
quency that is lower than two times the frequency fIF of
the analog input signal, the above-described undersam-
pling effect can be expected by decimating data there-
after. Further, it is possible to decrease the frequency of
an output digital signal down to the baseband frequency.
[0020] The configuration of a sampling device accord-
ing to an embodiment of the invention will be described
below with reference to FIG. 2.

[0021] Referring to FIG. 2, the sampling device in-
cludes an analog filter 201, an A/D converter 202, an
oscillator 203 and a signal processor 204. The analog
filter 201 generates an analog filtered signal by limiting
the bandwidth of a received analog input signal. The A/
D converter 202 generates digital data by sampling the
analog filtered signal according to a sampling clock sig-
nal. The oscillator 203 supplies the sampling clock sig-
nal to the A/D converter 202 under control of the signal
processor 204.

[0022] The signal processor 204 includes a distribu-
tion section 205 for dividing digital data into N data
strings (N is an integer), that is, distributing the digital
data to the N data strings. The signal processor 204 fur-
ther includes first to Nth processors 206-209 for gener-
ating N processed data strings by performing prescribed
signal processing operations on the N respective data
strings. By referring to the N processed data, a local
processor 210 generates a processing result signal by
executing a process described below. A next-stage sig-
nal processor 211 generates a digital output signal that
represents a sound, light, a voice. fax data, LCD data,
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PC data, or the like based on the processing result sig-
nal. The local processor 210 also controls an oscillation
frequency of the oscillator 203.

[0023] The signal processor 204 is formed by soft-
ware by using a DSP (digital signal processor) ora CPU
(central processing unit), a ROM (read-only memory),
and a RAM (random access memory). The signal proc-
essor 204 can also be formed by using a logic circuit
such as a gate array.

[0024] The operation of the above sampling device
will be described below.

[0025] First, an analog input signal is bandwidth-lim-
ited by the analog filter 201 and is thereby converted to
an analog filtered signal. The analog filter 201, which is
one generally called an anti-aliasing filter, need to be
provided upstream of the position where sampling is
performed by the A/D converter 202. Then, the analog
filtered signal is sampled by the A/D converter 202 by
using a sampling clock signal having a sampling fre-
quency fs that is generated by the oscillator 203, and is
thereby converted to a digital signal. The digital signal
thus generated is supplied to the signal processor 204.
The sampling frequency fs is N times an A/D sampling
frequency (fs1) thatis necessary for conversion from the
analog input signal to a digital output signal (N is an in-
teger).

[0026] First, the distribution section 205 generates N
data strings by sequentially distributing the digital signal
to the N data strings. Or the distribution section 205 per-
forms a distribution operation with data storage rather
than in a sequential manner. At this time, the distribution
section 205 does not always generate N data strings by
using the entire digital data. For example, there may oc-
cur a case that only three data strings are taken out
though N is equal to 16. Therefore, as for this operation,
another expression "decimation at a ratio 1/N" is more
frequently used than the expression "distribution to N
data strings." The resulting N data strings, that is, dec-
imated data strings, are processed by the first to Nth
signal processors 206-209, respectively, and resulting
N processed data strings are supplied to the local proc-
essor210. The local processor 210 executes prescribed
processes such as comparison, judgment, decision,
and calculation on a combination of processed data
strings, and supplies a processing result signal to the
next stage signal processor 211.

[0027] Further, the local processor 210 controls the
oscillator 203 by feeding back information of a phase
deviation and a frequency deviation to it based on the
N processed data strings. The next-stage signal proc-
essor 211, which is a known device, performs a control
according to a signal format, decoding, audio reproduc-
tion, etc. and outputs, as a digital output signal, a sound,
light, a voice, fax data, LCD data, PC data, or the like.
[0028] Referring to FIGS. 3A-3C, the distribution sec-
tion 205 will be described for an example in which it is
formed by logic circuits and N is equal to 4.

[0029] As shown in FIG. 3A, the distribution section
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205 includes first to fourth shift registers 301-304 that
receive digital data from the A/D converter 202 and out-
put respective data strings according to distribution
clock signals CLK1-CLK4.

[0030] Asshownin FIG. 3B, the distribution clock sig-
nals CLK1-CLK4 are generated by a combination of a
logic circuit 306 and a counter 305 that receives a ref-
erence clock signal having a reference frequency (f0).
For example, the logic circuit 306 is formed by inverter
circuits 308 and 309 and AND circuits 310-313, or by
NAND circuits, OR circuits, etc. The first to fourth shift
registers 301-304 perform data reading operations at
the leading edges of the respective distribution clock
signals CLK1-CLK4.

[0031] The distribution clock signals CLK1-CLK4 are
generated by the combination of the logic circuit 306 and
the counter 305 as shown in FIG. 3C. The distribution
clock signals CLK1-CLK4 are rectangular-wave signals
that are delayed by 1/f0 in order and rise at intervals of
4/f0. The reference clock signal is generated by a sec-
tion that is not shown in FIG. 2. The reference clock sig-
nal may be generated by using the sampling clock sig-
nal.

[0032] Referring to FIG. 4, a description will be made
of how distribution to data strings is performed by the
distribution section 205, for an example in which N is
equal to 4. In FIG. 4(a), reference symbols D1-D12 de-
note time-series data (i.e., digital data) that are gener-
ated when the A/D converter 202 captures portions of
an analog input signal at time points indicated by arrows
that represent sampling clocks (see FIG. 4(b)). Arrows
in FIGS. 4(c)-4(f) indicate timing of distribution of the
digital data that is performed in the distribution section
205. That is, FIG. 4(c) shows timing of distribution of a
data string D1-D12 (see FIG. 4(a)) to a data string-1.
Data D1, D5. and D9 are distributed to the data string-
1 at time points shown in FIG. 4(c). Similarly, the data
are distributed to a data string-2, -3, and -4 at time points
shown in FIGS. 4(d)-4(f), respectively. It is seen from
FIG. 4(a) that the data of the data string-1 to the data
string-4 have a timing relationship that they are delayed
in order by 1/fs.

[0033] Referring to FIG. 5, a description will be made
of the sampling clock signal and the decimation timing
as well as quadrature demodulation for an example in
which N is equal to 16. In general, the term "quadrature
demodulation means obtaining a baseband I signal and
Q signal by multiplying an input signal by a sine signal
and a cosine signal having the same frequency as the
carrier wave of the input signal.

[0034] AsshowninFIG. 1D, if digital data obtained by
sampling an analog filtered signal at a sampling fre-
quency fs by the A/D converter 202 is decimated by the
distribution section 205 at a ratio of 1/N, a sampling fre-
quency fs3 appears substantially, where

fs3 = fs/N.
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[0035] In the case where the sampling frequency fs3
is so set as to be equal to an integral multiple of the input
signal frequency flIF, the following relationship holds,
where m is an integer.

fIF =m X fsi.

In the example of FIG. 1D, m is equal to 6. In this case,
because of the known undersampling effect, the fre-
quency fIF3 of a digital signal obtained becomes a base-
band frequency. Also in this case, N data strings that
are delayed in order by 1/fs can bee obtained in the
same manner as described above in connection with
FIGS. 3A-3C.

[0036] Among the general equations of trigonometric
functions is the following equation:

sin(® + m/2) = cosH.

[0037] By using this equation, | and Q signals can be
generated from a plurality of signals having delays.
[0038] FIG. 5(a) shows sampling time points (arrows)
in the A/D converter 202, and FIGS. 5(b)-5(e) show dec-
imation time points (arrows) in a case where N is equal
to 16. In this case, if the decimation time points of FIG.
5(b) are assumed to be sing, it can be said that the dec-
imation time points of FIG. 5(c) that are delayed from
the former by n/2 are represented by cos6. Therefore,
quadrature demodulation can be performed by using,
as | and Q signals, data obtained with decimation timing
of sind and cos#.

[0039] Also for delay adjustments in quadrature de-
tection of which sufficient care should be taken in syn-
chronous detection or the like, it is possible to perform
simultaneous, parallel signal processing on data that
are delayed by +1/fs as shown in FIGS. 5(d) and 5(e)
from data having the decimation time points as shown
in FIG. 5(b) and to immediately compare and examine
those data.

[0040] Next, referring to FIG. 6 in addition to FIGS. 2
and 4, a description will be made of the judgment and
the control on the oscillator 203 that are performed in
the signal processor 204.

[0041] It can be considered that for a data string-1 to
a data string-16 having different delays, relationships
between reception signals and phases of the oscillator
are slightly different from each other. The local proces-
sor 210 compare magnitudes of power, error rates, etc.
of respective data strings as subjected to the signal
processing operations in the first to Nth processors
206-209 and selects a data string having the largest
power or the smallest error rate. Selected data strings
are circled in FIG. 6.

[0042] The local processor 210 can perform delay ad-
justments through signal processing without controlling
the oscillator 203 by passing processed data having the
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smallest error rate to the next stage signal processor
211, or combining several data having good character-
istics by performing a calculation thereon and passing
combined data to the next-stage signal processor 211.
[0043] A description will be made of a device that is
so designed that a state that the data string-8 has the
smallest error rate is proper. In this case, the fact that
the data string-7 has the best characteristic at a certain
time point (e.g., t = 1) indicates a "phase deviation of 1."
Further, the fact that the proper data string varies in a
prescribed period indicates a temporal phase variation,
that is, a frequency deviation as shown in FIG. 6. Based
on those pieces of information, the local processor 210
can perform adjustments to the oscillator frequency that
are important in mobile communication terminals that
perform transmission, as well as phase deviation adjust-
ments that are particularly important in synchronous de-
tection by controlling oscillator 203.

[0044] As described above, the invention can provide
a data sampling method and device which make it pos-
sible, with a simple configuration, to give a prescribed
frequency to output signals even if input signals have
different frequencies.

[0045] For the purpose of this specification (which
term includes the claims), the word "decimating” in con-
nection with digital data is intended to mean "selecting
part of the digital data". Although being derived from the
Latin word "decem" (= ten), it will be understood that
"decimating" is not limited to the number ten but instead
can relate to any integer N.

[0046] While the present invention has been de-
scribed in its preferred embodiments, it is to be under-
stood that the words which have been used are words
of description rather than limitation and that changes
may be made to the invention without departing from its
scope as defined by the appended claims.

[0047] Each feature disclosed in this specification
(which term includes the claims) and/or shown in the
drawings may be incorporated in the invention inde-
pendently of other disclosed and/or illustrated features.
[0048] The text of the abstract filed herewith is repeat-
ed here as part of the specification.

[0049] Digital data is generated by sampling an ana-
log input signal at a sampling frequency that is N times
an A/D sampling frequency that is necessry in an A/D
converter. N decimated data strings are generated by
decimating the digital data at a ratio of 1/N. Based on
the N decimated data strings, a processor produces a
digital output signal.

Claims
1. A data sampling method for an A/D (analog-to-dig-
ital) conversion from an analog input signal to a dig-

ital output signal, comprising the steps of:

converting the analog input signal to digital data
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by sampling the analog input signal at a sam-
pling frequency fs that is N times an A/D sam-
pling frequency that is suitable for the A/D con-
version, where N is an integer;

decimating (as herein defined) the digital data
at a ratio of 1/N to produce M decimated data
strings where Mis anintegerand 1<M <N; and
producing the digital output signal based on the
M decimated data strings.

A data sampling method for an A/D (analog-to-dig-
ital) conversion from an analog input signal to a dig-
ital output signal, wherein the analog input signal
has been modulated according to a predetermined
quadrature modulation scheme, comprising the
steps of:

converting the analog input signal to digital data
by sampling the analog input signal at a sam-
pling frequency fs that is N times an A/D sam-
pling frequency that is suitable for the A/D con-
version, where N is an integer and is deter-
mined depending on a frequency of the analog
input signal;

generating N clock signals which have 1/N
times the sampling frequency fs and are de-
layed in order by 1/fs;

decimating the digital data using two clock sig-
nals selected from the N clock signals to pro-
duce two decimated data strings, wherein a fre-
quency of each of the N decimated data strings
is set to a baseband frequency and one of the
two clock signals is delayed from the other by
n/2; and

producing the digital output signal by combining
the two decimated data strings to produce the
digital output signal as a quadrature-demodu-
lated signal.

The data sampling method according to claim 1 or
claim 2, further comprising the step of:

adjusting the sampling frequency fs based on
the M decimated data strings.

The data sampling method according to claim 3,
wherein M > 2 and wherein the adjusting step com-
prises the steps of:

selecting a decimated data string from the M
decimated data strings by comparing data error
rates thereof; and

adjusting the sampling frequency fs depending
on a deviation of the selected decimated data
string from a predetermined data string of the
M decimated data strings.

5. The data sampling method according to claim 1 or
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6.

10.

1.

claim 2, wherein the producing step comprises the
step of:

selecting at least one decimated data string
from the M decimated data strings depending
on data error rates thereof, wherein a data error
rate of a selected decimated data string is rel-
atively small; and

producing the digital output signal from the se-
lected decimated data string.

The data sampling method according to claim 1,
wherein the decimating step comprises the steps of:

generating N clock signals which have 1/N
times the sampling frequency fs and are de-
layed in order by 1/fs; and

distributing the digital data using M of the N
clock signals to produce the M decimated data
strings.

The data sampling method according to claim 1,
wherein a value of N is determined depending on a
frequency of the analog input signal.

The data sampling method according to claim 1,
wherein a frequency of each of the M decimated da-
ta strings is set to a baseband frequency so as to
demodulate the analog input signal.

A data sampling device for an A/D (analog-to-digit-
al) conversion from an analog input signal to a dig-
ital output signal, comprising:

an oscillator for generating a sampling frequen-
cy fs that is N times an A/D sampling frequency
that is suitable for the A/D conversion, where N
is an integer;

a converter for converting the analog input sig-
nal to digital data by sampling the analog input
signal at the sampling frequency fs;

a decimator for decimating (as herein defined)
the digital data at a ratio of 1/N to produce M
decimated data strings where M is an integer
and 1 <M< N; and

a combiner for producing the digital output sig-
nal based on the M decimated data strings.

The data sampling device according to claim 9, fur-
ther comprising: a controller for controlling the os-
cillator so as to adjust the sampling frequency fs
based on the M decimated data strings.

The data sampling device according to claim 10,
wherein M > 2 and wherein the controller selects a
decimated data string from the M decimated data
strings by comparing data error rates thereof, and
adjusts the sampling frequency fs depending on a
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deviation of the selected decimated data string from
a predetermined data string of the M decimated da-
ta strings.

12. The data sampling device according to claim 9, 5
wherein the decimator comprises:

a clock generator for generating N clock signals
which have 1/N times the sampling frequency

fs and are delayed in order by 1/fs; and 10
a distributor for distributing the digital data us-

ing the M clock signals to produce the M deci-
mated data strings.

13. A data sampling device for an A/D (analog-to-digit- 75
al) conversion from an analog input signal to a dig-
ital output signal, wherein the analog input signal
has been modulated according to a predetermined
quadrature modulation scheme, comprising:
20
an oscillator for generating a sampling frequen-
cy fs that is N times an A/D sampling frequency
that is suitable for the A/D conversion, where N
is an integer and is determined depending on
a frequency of the analog input signal; 25
a converter for converting the analog input sig-
nal to digital data by sampling the analog input
signal at the sampling frequency fs;
a clock generator for generating N clock signals
which have 1/N times the sampling frequency 30
fs and are delayed in order by 1/fs;
a demodulator for demodulating the digital data
using two clock signals selected from the N
clock signals to produce two decimated data
strings, wherein a frequency of each of the N 35
decimated data strings is set to a baseband fre-
quency and one of the two clock signals is de-
layed from the other by n/2; and
a combiner for combining the two decimated
data strings to produce the digital output signal 40
as a quadrature-demodulated signal.

14. A method according to any of claims 1 to 8 or a de-
vice according to any of claims 9 to 13, wherein
M=N. 45

50
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